A methanol extract from the aerial part of Isodon trichocarpus (Labiatae) demonstrated inhibitory effects on melanogenesis in theophylline-stimulated murine B16 melanoma 4A5 cells (IC 50 = 1.6 g/mL). From the extract, nine diterpenoids (1-9) and four triterpenoids (10-13) were isolated. Among the isolates, enmein (1, IC 50 = 0.22 M), isodocarpin (2, 0.19 M), nodosin (4, 0.46 M), and oridonin (6, 0.90 M) showed an inhibitory effect without notable cytotoxicity at the effective concentrations. These diterpenoids (1, 2, 4, and 6) inhibited the expression of tyrosinase, tyrosine-related protein (TRP)-1, and TRP-2 mRNA, which could be the mechanism of melanogenesis inhibitory activity.
Plants of the genus Isodon (syn. Rabdosia, Labiatae) are widely distributed and are the source of popular folk medicines in Japan and China. In Japan, the aerial parts of Isodon japonicus Hara and I. trichocarpus Kudo (common name "enmei-so" in Japanese), which are listed in the Japanese Standard for Non-Pharmacopoeial Crude Drugs as the source plants of Isodonis Herba, are used for the treatment of gastrointestinal disorders [1] . Many Isodon species, including I. trichocarpus and I. japonicus, are well recognized as rich sources of ent-kaurane-type diterpenoids [2] [3] [4] . As for the biological activities of these diterpenoids, antitumor, antibacterial [2] [3] [4] , anti-inflammatory [5] [6] [7] [8] [9] , and immunosuppressive activities [10] have been reported. During our recent studies on naturally occurring inhibitors of melanin production [11] [12] [13] [14] [15] [16] , we observed that a methanol extract from the aerial part of I. trichocarpus showed an inhibitory effect against melanogenesis in theophyllinestimulated B16 melanoma 4A5 cells.
Melanin is a broad term for a group of natural pigments found in bacteria, fungi, plants, and animals. It is a heterogeneous, polyphenol-like biopolymer with a complex structure; the color varies from yellow to black through its development. The colors of the mammalian skin and hair are determined by several factors, the most important one being the degree and distribution of melanin pigmentation. The role of melanin is to protect the skin from ultraviolet (UV) damage by absorbing UV light and removing reactive oxygen species. However, excess production of melanin due to prolonged exposure to sunlight causes dermatological disorders such as melisma, freckles, post inflammatory melanoderma, and solar lentigines. Melanin is secreted from melanocytes distributed in the basal layer of the dermis. Melanocytes are known to be stimulated by various factors, including UV radiation, -melanocyte-stimulating hormone (-MSH), and a phosphodiesterase inhibitor, theophylline [11] [12] [13] [14] [15] [16] . This study involves the isolation and identification of melanogenesis inhibitors from the aerial part of I. trichocarpus.
The dried aerial part of I. trichocapus was extracted with methanol under reflux to obtain a methanol extract (9.92% from the dried material). The methanol extract was partitioned into a mixture of EtOAc and water to procedure an EtOAc-soluble fraction (3.68%) and an aqueous phase. The latter was subjected to Diaion HP-20 column chromatography (H 2 O  MeOH) to yield H 2 O-and MeOH-eluted fractions (3.59% and 1.00%, respectively). As shown in Table 1 , the methanol extract was found to inhibit melanogenesis (IC 50 = 1.6 g/mL) in theophylline-stimulated murine B16 melanoma 4A5 cells without inducing cytotoxicity at the effective concentration [cell viability in the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay: 117.2 ± 3.0% for cell viability at 10 g/mL]. Through bioassay-guided separation, the EtOAc-soluble and the MeOH-eluted fractions were found to be active for melanogenesis inhibition (IC 50 = 1.2 and 5.5 g/mL, respectively), without cytotoxicities [115.7 ± 1.9% and 102.5 ± 3.9%, respectively, for cell viability at 10 g/mL], whereas the H 2 O-eluted fraction showed no notable activity. The EtOAc-soluble fraction was subjected to normal-phase silica gel and reversed-phase ODS column chromatographies and finally HPLC to obtain nine diterpenoids, enmein (1, 0.0395% from the dried material) [5, 17] , isodocarpin (2, 0.0155%) [18] , loggirabdlide C (3, 0.00464%) [19] , nodosin (4, 0.00764%) [20] , taibaijaponicain A (5, 0.00289%) [21] , oridonin (6, 0.0728%) [1, 22] , rebdoternin A (7, 0.00133%) [23] , odonicin (8, 0.0151%) [24, 25] , and isodonal (9, 0.0152%) [26] , and four triterpenoids, ursolic acid (10, 0.00046%) [27] , uvaol (11, 0.00136%) [28] , oleanolic acid (12, 0.00062%) [27] , and 3-erythrodiol (13, 0.00050%) [28] (Figure 1 ).
In order to identify the principal active constituents in the extract, inhibitory effects of the isolates against theophylline-stimulated melanogenesis were tested. Enmein (1, IC 50 = 0.22 M), isodocarpin (2, 0.19 M), nodosin (4, 0.46 M), and oridonin (6, 0.90 M) showed potent activity without notable cytotoxic effects at the effective concentrations (Table 2 and Figure 2 ). The melanogenesis inhibitory activity was found to be more than 200- fold higher than that of arbutin (174M), a commercially used tyrosinase inhibitor used as a positive control [11] [12] [13] [14] [15] [16] .
Tyrosinase, a copper-containing enzyme widely distributed in microorganisms, animals, and plants, is a key enzyme in melanin biosynthesis and determines the color of skin and hair. It catalyzes oxidation of both L-tyrosine and L-DOPA, following oxidation of L-DOPA to dopaquinone and oxidative polymerization via several dopaquinone derivatives to yield melanin. Tyrosinase inhibitors are clinically used for the treatment of several dermatologic disorders associated with melanin hyperpigmentation. In addition, the inhibitors are commonly used as additives in cosmetics for skin whitening and/or depigmentation [11] [12] [13] [14] [15] [16] . As shown in Table S1 , none of the tested compounds showed inhibitory activity when either L-tyrosine or L-DOPA was used as a substrate. This suggests that tyrosinase inhibition is minimally involved in the mechanisms of action of these melanogenesis inhibitors. (1) 0.0 ± 9.9 (100.0 ± 3. The TRP enzyme family (tyrosinase, TRP-1, and TRP-2) catalyzes the major steps in melanin synthesis [11, 13, 14, 16] . To clarify the mechanisms of action of these active constituents, we examined the effects of enmein (1), isodocarpin (2), nodosin (4) , and oridonin (6) on the expression of mRNAs for tyrosinase, TRP-1, and TRP-2 in B16 melanoma 4A5 cells. As presented in Table 3 , compounds 1, 2, 4, and 6 inhibited mRNA expression for tyrosinase, TRP-1, and TRP-2 at 1-3 M.
Melanogenesis inhibitory activity of Isodon trichocarpus terpenoids
In conclusion, we isolated nine diterpenoids (1-9) and four triterpenoids (10-13) from the methanol extract of the aerial part of I. trichocarpus. Among the isolates, enmein (1, IC 50 = 0.22 M), isodocarpin (2, 0.19 M), nodosin (4, 0.46 M), and oridonin (6, 0.90 M) were identified as potent melanogenesis inhibitors with activity more than 200-fold higher than that of arbutin, a clinically used depigmentation agent. Compounds 1, 2, 4, and 6 inhibited tyrosinase, TRP-1, and TRP-2 mRNA expression, which could be the mechanism of melanogenesis inhibitory activity. Further studies on the structural requirement of these ent-kaurane-type diterpenoids for the melanogenesis inhibitory activity and its mechanism of action are in progress.
Experimental
Plant material: The aerial part of Isodon trichocarpus was collected from Shikoku region (Tokushima and Ehime prefectures), Japan, in September 2011. The plant material was identified by one of the authors (K.K.). A voucher specimen (lot. No. KAM-2011.09-E01) of this plant is on file in our laboratory.
Extraction and isolation:
The dried aerial part of I. trichocarpus (4.00 kg) was extracted four times with methanol under reflux for 3 h. Evaporation of the combined extracts under reduced pressure provided an aqueous acetone extract (396.7 g, 9.92%). An aliquot (376.7 g) was partitioned into an EtOAc-H 2 O (1:1, v/v) mixture to furnish an EtOAc-soluble fraction (147.3 g, 3.68%) and an aqueous phase. The aqueous phase was subjected to Diaion HP-20 CC (3.0 kg, H 2 O  MeOH) to give H 2 O-eluted (143.7 g, 3.59%) and MeOH-eluted (41.8 g, 1.00%) fractions. An aliquot (127.3 g) of the EtOAc-soluble fraction was subjected to normal-phase silica gel CC 
